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(54) VARIABLE GAIN AMPLIFIER CIRCUIT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a circuit capable 
of quickly and stably operating the switching of an 
operating point with respect to a variable gain amplifier 
circuit available in a higher band and at a higher 
amplification ratio than a conventional manner by setting 
an operating point so that an output voltage can be 
converged in a prescribed range while a voltage being a 
reference is inputted. 
SOLUTION: This circuit is composed of a 
voltage/current converting means for converting an 
input voltage into currents and outputting it, a current 
amplifying means for amplifying the currents with a set 
variable gain and an operating point setting'means for 
setting an operating point so that an output voltage can 
be converted in a prescribed range while a voltage being 
a reference is inputted. In this variable gain amplifier 
circuit, a voltage adjusting circuit 24 compares a Vref 
voltage being a target output operating point with an 
output voltage Vout for a blanking period, and when the 

output voltage Vout is lower than the target reference voltage Vref, the Vclp of the gate voltage 
of a transistor 23 is made higher a little, and output voltage is increased. When the output 
voltage Vout is higher, the output voltage is decreased. 
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[«*RB#©BH] 

[b#ri] A**E^m3iE^«^Lrai*-r^miE 

RERiB£*ifc«R£W*]«Elc£&-f.5R2j&-RiE£ 

&#Rir. 

3E#R<!: «WXn«4MIBIK. 

*£ttSi; REATaREtfREh^^X*© 

*— m=a.***u REh^>s;x$©v-x<tRi£« 

Ett?£ ©M^RCBfttfRR V-X7*P7H 

[«*«3] RERE-RSfESSI^RIi, h7>vX 
^^«tt&Snii«ia»j:«*^ REA*)RIEA<RE 
RBRHlBlBaRRlBAftlcBttSJlu ItESWIWEl 
■W)til*3WWrEK7>5>x*a>y-H=»tfc**i, RE 

Etttt©RR4<RR«ENm::KR$*u REh^>$> 
x* © v— x imEfist tfl)»ajSAMKrEa«i««si» 

RRHRBWQB. 

m*R4] strE«a*B#«i*. u>k 

S7-@Bi:, K*U>K5^-Ia]K<0A3afl!li:ai*fiiJ 
© h7>i?X$©*— hfflWty— Kft L©Jt£RM?- 

4fatm, iWEw/L(oj±$2M-r^ct-e*ziiE 
««i«>w»*wKtifP'r*= t ztomt+zn*]* 1 e 

RaWRRRRMBB. 

«is©h5>^x^<tKh7>i;x^o?# 

^IcSta-r-SX-f-y^i:^*.. RX-<7f(l)t>-t 
7«»l=«fc yRERR© h7>vX$0)F*3ro*3fE£3?E-r 
h9>$>X**RRLTRfirMf=REW/L*Rfl:*-tt 
**««lrt* - «t £4S«£-f -5»#]S 4ER©pTR*J 
RRRiilB. 

[RRS6] RERRR«¥R©ttJ*l::v-xA<«« 
n-t £**R i -T *R#JS 4 R«iM± 5 E«©RTSiPJ 

RRffilllBo 

[«*a7] rerr-rerr^ri*. rrress 

* RERSfERIiB^R & ©M f=SR **tfcfita * Rfc = 

t *4**fr*w*ai eborrrrrmbb. 
[»*rs] rbbrrrrrri*. bmmoi 

i:. BRRRRR«RBatilftR£*li:R-r«ifcttRR 
<t. RtfcR#a©ttRRR(~R^5£ffl2)R3ffR£RR-f 
&RRRBRR«R-r«RERBRRJ:«RL. RStR 



3SR^R© tti * tfRERE - R3SRR^& l=MB * *VC 
RBRRRWRRI=Aft-r«RRR£RRRR«BRR 

i=* u««-r« = t zftmt-rzmim 1 erowrh 

RRRBB. 

c»*JS9] rerrrrrrri*. i«nffda>R 

<t. BRERRRWEIBatitABfcSltK-J-ftttRRR 
<t. RttR#fa©J±RRRIcR^£lii2iR3!ER£iiR-f 
«R£RRRR«R-*-«R«RBRR4:**U RRR 
3£3B¥R© Hi * tfRERSS- RERR^KI" RR * tiX 
REERR«¥R* 6 a* * *i4RRR£ BERRUM 

«bi= ck yfits w t -sb^r i e«©rt 

[R*R1 0] RE5£RRR¥R(*. -*©R**» 
RREI=RRLfc}gta<tRt£ljt£mR.t LTRRLfc h 
5>i>X4i*Rt?V-X7«-PTBR**L. 8h7> 
S?X*©*-hREI=<fcoTV-X©RR£R«U R 
V-x«RtBBB«ffii:-eR**«**Bh9>S?X 
*a>KH , r/3^6B-r=A:*»Bfr*BRB8**^ 
I* 9 ER© oTRRRRRBB. 

[»*ai 1] REh7>S?X*©mE*-hEE5r 
«B-*-**R**6l=*L» tt-7*- hRE EBB?** 
Rl*, R 1 ©»RREI=?'J i?£*ifcR 1 ©R/J% 

RRt. »2©RRREI=^'J^-v-i?**ifcR2©« 
/hBRt. RE*- M=RR$*ifeRER/J*BR J: U t 
RlRtfR2«>R']tBR£©MI=RR£ 

JtRRR l=J£ C T * > £ I x li* "7 "T * REX •< v J- £ 

aR-t**R**-#-* = i:tBBt-r*B*Ri oER 
©RRRBRBIIIB. 

»*«12] RRRR0!>9n79«R£R£-#-*R 
R**P>lc^L. BB?'J?*— 9£RBX<f 

v ^«RBBI=l6CrByjSL«B**t* = it 
ft&t+zmWZ 1 1 EB0RRRRRBBB. 
[R*ai3] *Ulre-KRRRRE*&l=*U B 
RS#S©tiJ*l=lCi:rRE^ a v^*R©f □ y^JS 
R^3EH-r-5ci:$!t#Ri:-r^tt^Si 2Ett©pISfiJ 
RRBIalB. 

[»*«14] B**-K»3t¥R**6l=#L» B 
R£^R©til*l=l6i:TRERl *fci*R2©RR«E 
©'>*< fc*-*tRft***ci:tB«4:-r*B»R 
1 1 ER© qTRHBRHSIBo 

[RR©BB4:KB] 

[0001] 

[«IB©R-r*aW»if] *RKI4. RRRBRBBB 
(cRt?y, 1*l-li«ft-^«i3Sffl©CMOSRRlHlBlcffl 

»3&t4IRI=RB<CRRR«Jt«BBI=Br«. 
[0 0 0 2] 

[fl£*©&ffi] R4>¥ 2-3420 5#^R|Zfctxrfie 
S^ommt Lr?lffl**iTLNSt©t Lt, *REI1 1 
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<DS!^mmmmmt. mnm^ i o o &s.igm$s& 

t LTtSJIIU A^JStal O 1 t7^-K/<y>|ltt1 

o 2 1 (7)feifcfii(7)]±££ji.-l> ctiz j: y mmz&itt 1* 

[0 0 0 3] A*^ta1 O 1 (*0^fl)J:ol-«tn;R<tjS 
la 2 R ,t <7) 8 SAtiSO) 7 ^-«fitffl t L TfltfiE * *VT £ 

y. «ft»i:»x-fvf i 0 3A<«tt**i*. x-f-y 
t 1 o sonttjAAtaiffJtws i o ootsika*©^^ 

X-fvf 1 0 305t> ■ *7l*«W8-3-*-fc*>% 
*JflMMfflUB#£i8*S 1 ~S 8<J)if*iA>l-EPtt]-r5 3i: 
f=*yWffll**v4 0 ^MCfcoTl^^-fV^I 0 3(7) 

[0 0 0 4] 

***©»a«)flr**i»«wiHi»T»i*. 

AWflfc LT&gi: £ f^B#l=|#<fc 5 

fc-r-st. auuttMi ooi=#ntic*u%GB» 
mmmm) tf»***u s«i=ii=a>tiMrccMosii 
«Ett-effli««^aafflfl!)Rr**j»«ffliia»**a-r-s 

c£li#:btf>-C«Ll\, 

[00 0 5] 01 1 OTIsIS&J^bSJl'ofr&.fc COB 

/ A £ -t (7) * <D V fc £> o 
[0 0 0 6] *f§^0)lMli. C<7)D/A£&&(7)JS3I 

So 

[0 0 0 7] **Mro$&l:9J<DBWI*«l^<Ot5]HIA< 
[0 0 0 8] 

[■■*«*-r*fc»a>*«] *«B^o)Br^fij^ii*sia 
Kit. A**E*«aH=*«LTiHa*-*«fl:-«s« 

»*4:<t*«ffi4<A***tri**a»ni!l=lllHB 
[0 0 0 9] 

[*wrosiJfia)BS§] a 1 1-. *JBna>^rK¥fMMMi[a 

»©JB38*BiWr-6lElKH /Wt'J • 

-t»x-r KB3iEa8i!«>D/ASE»»©»ja-cfty, 

3S I ref A<#m^Z=y— hfflW/y— hSL«)MOS 

s (83) ««©*m*zj =y— hiiew/y- h gi- 
ro h7>vX$ 1 1 H57- "e 1 ref <7)Zi 
/Zffif©«3lEA<3lE*i-5. 



[0 0 10] ffi*ffl!05# h^VvXS 1 1 (7)W/LfiI 
JCKH 1 l=fctvC, tti*filJ(0 8<i<D l>7>^$ 1 1 

i*. ^&*^riRii=iaiA^o-ciiH*, Z7 =z/2i . z 

6 =Z/22 , Z5 =Z/23 , Z4 =Z/24 , Z3 
= Z/25 , Z2 =Z/26 , Z1 = Z/27 , Zo = 
Z/28 iiSoTU*. Wiltfy— h«W**it*ct 

[00 11] Biifl)X-fyf 1 2I±, 8 \Zv r-OTfi-^S 
0 ~S7 l=«fcoT«HB**l*. fg-^SO ~S7 tfiliDt 

x-r-y^i 2i±nc«. -€-*t-e*ix-r ^^1 2A< 

S 1 1 l=a*i*«Sltl*. €*l 1 ref (7)1/21 , 1 
/22 , 1/23, 1/24, 1/25, 1/26, 1 
/27 , 1/28 ifcoTl**. X^vf 1 2(7)^->lC 

j; yjM?**tfc h7>v^$ 1 1 icgiEtL-smajo^ttA* 

m^tetiiRout £3fcrVC. mWftfitRout -commas 
I=*«TE*1 1?***u-5m*BJEVout tfmm&o 

[0 0 1 2] 

[»1] 

N-i s„x2° 

Vout = I ref X Root X 51 fj 



[00 1 3] NI*h^>^X-S< 1 1<7)®SHt?& 

y, #lx.li8^fci>o Snli, x-C-y^i 2.a>W&\£v 

[0 0 14] SC 1 fcfcivc, S*B3!tI ref aftfeij 
f=, A^matlin iU f|IEA73Vin^miE-'13S^m 
¥Si:<kotl inl=aE»LTEI1fl)[a]Kl=A*-r-5«JS 

£&<7)l!Sfli£ I in=Vin/Ri £1-4x1*. 
[0 0 1 5] 
[«2] 

w -V. v R ° ut y W f' SnX2" 

Vout-VinX „ XL N 

[0016] ^c-e, TflEiC3 tfc< » 
[001 7] 

[»3] 

Sr,X2" = . 



[0 0 18] -r*<ts xC2l* 
[0 0 19] 
[ft 4] 
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V 0 ut = kx^-xVi, 

[0020] tU&o ::t\ N = 8CD«^. -T^*) 
K7>vX^1 1 ©R*35^8Sa>Ji*lcr4kttO/2 5 
6-2 5 5/2 5 6 (=1) *T*0)i5H<Dfi|£ S*&<D 
•Cs «*#J*3MSfc-£Vout /Vin=Rout /Ri V. 

$m<DWLMMgmtfWt*Lmm<D i/2 5 6t^5ttiis 

*"T*Rr**iJ»Ji«IBI*36«»6*i*cil=ft*. 
[002 1] -ffrb** H 1 a>HB4>«** *JfflflH§-s 

0 ~S7 teCTX-fyf 1 2&*>&>Z>l\lt*7?Z> 

zb\z& y *]»£***j»)E>x & o * -c<0«sb-o»*«» 

0)1/2 5 6X-T^^"eBTJ6t?**Zi:t^L"C^« 0 

*S6ifi«ttBiia)ck3ic8«a)h^>i?x* 

1 i a>«jaicK£f **©-oi*tt<. h7>vx^ 1 1 

[0022] ::t% JK^M^ag^fc^^pTSEfrjfljJi 

I N»6AA«ti«IE(UI>Wlt2 OtiDttfiCs 
A^«^ (+) lz5.jlP>tiZ> 0 9WiMW2oa)ttlAtt 
Nfl t*M h7>vX^ 2 1 0)<f— McAA**i 
£o h9>5?X* 2 1 <DV— XI*AjS"Cffitn;2 2 (Ri 
n) <hSjt^^<t|i]B#fc;1|J|jii|iSS2 0(DJSlEA^tt^ 
(-) ic^-r— K/<7^A***iS„ 

[0 0 2 3] h7>y«2 1©V-Xlt«fi2 2S^ 

7>W 2 1 <hlS6t2 2 £T?v-x^*PT*<«Ji£* 
*l£ 0 Z<DV— X^*n7<DU*-eft*Aja(D«ttttA 
*Ml^lNa>mEi:»L<tt**3 lOIJEiMa 2 Olc 

I infi. 

[0 0 2 4] 



[0 0 2 5] <h££*i£ 0 A^lcliP^ (?*;M0 h 
7>vX^2 3C0KW>A<S»^ He I* 

p *<BHn**U S&lC*a>y-XI*«St2 5 (Rbp) $ 



rt^*o co>v— x7*PT*SK*i**slli bpttvcip 

<t h^>S/X* 2 3©L*l*ffi«JEVth£«tS2 5 0)*g 
ftfltRbpi:lc<»:-3Tft*y. fcfc<fc* 
[0 0 2 6] 

me] 

r _ V c l p — V t h 

[0027] ^z-e. ^co« 

5S I bpliVclp 5ET?fc*Llih^>yx* 2 3*<5tt 

lifttLti^ni, A^^wsiccfc^-r-sr-fc 

y. Vclp «JE-eW»**L*56«3ltai:^j:"rzi:3&<'C 
h^VSJX* 2 3fcJ;tftttt2 5**K*W3Mi« 
Ibp-efc^^f,. PgJ h^:>S?x$ 2 6£St;h,£W3S I 
sig I*. 
[0 0 2 8] 
[»7] 

I s i g = I i n ~ I bp 

[0029] ^^§0 h7>vX^ 2 6(4. V — 

Kswsitfiy, c/j&o)*ttiiw/L = z-efe£ 

>vX$lc*tLT I sig $-3lE-r/£ltO!)y— h«IE£«tK 
•t&ZLtlzteZ. Z0)C£0)«IEI£V-X|gt6£*u W 
/L = Zj t'W<|:7/ { j:Nlh7>^X^27 (27- 
1-2 7-8) 0)y-H::EpjH]**i*<t. Wh7>> 

x* 2 7^e««Krt»tLT^*»yf=fi^rr* 

[0 0 3 0] 
[»8] 

I = ^-xi sig 
[0031] -c4-*.t>*i« Ku-r>«aE*<aE*i*ci:iz 

4*o CjSO)miErt<h^>vX$ 2 7- 1 ~2 7-80) 

f-»«**LfcX-f ^^2 835^>«l8a)B*|C. Zj =w 
/Lfz[6i:fc*5KA<#h^>i?X*fzaE*iS 0 TfBO)* 
1 h^>vX*CDZ j =W/L<t»l£*3S<tO)|lS 

[0 0 3 2] 
[*1] 
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W/L 


* » 


2 7-1 


1 6 X Z 


1 6X Isig 


2 7-2 


6 X Z 


8 X I sig 


2 7-3 


4 X Z 


4X Isig 


2 7-4 


2XZ 


2 X I sig 


2 7-5 


Z 


Isig 


2 7-6 


Z/2 


Isig /2 


2 7-7 


Z/4 


Isig /A 


2 7-8 


Z/8 


Isig /8 



[0 0 3 3] &h7>/X$ 2 7 ICttiJIStlfcX'f 

*IS n (S7 -So ) * "1" tLfc^^l=*JJC-r-5^ 
<<7f 2 8 (2 8-1~2 8-8) * J; 5 l-f 



*i:m^fitS2 9 (Rout ) lc3S*l&E£3ft I out I*. S 

[0 0 3 4] 
[»9] 



I out - I s i g x E 
1=0 



= 1 



7 

E 

ii=fl 



i-4 



= 2* x I 



S I g 



7 

E 

i=0 



SnX 2' 



= kx2 x Isig 



[0 0 3 5] ^OTUiamSiEI out l=J:-5m^»tn:2 9 

(Rout ) -cromii&TteajamEvout t<ty. *sc 

[0 0 3 6] 
[»1 o] 

Vout = Rout X I out 

V 0 ut = k x 2* x Rout x Isig : 

~ ~ T?, Vofs = k x 24 x Rout x i bpt^-So 
[0 0 3 9]±IB5t1 1*6, A*miEa>^bl-*f-r-i) 

ta*mEro3E<tfi, -rfc*>%*i»i** kx2< xRout 

/Rin"l?££*u 0H*.l£. Rout /R in= 2 £ <fc 5 
!=»*■<■* «*W»*«3 2«t*y, IHMIWB 

jH<ORrx#i]»«raiitt±: Ltimftttoisno. * 

fc. *©»*»fi5M!Mfii:Lri*, *16ffin? 1*8*3! <©» 

&±8e>; hea-mi (n = s) -etwi-r *<fc5i=fc$ 

*lTL%-5fc«)l=. O. 1 2 5ftaO*-l-ftor^*A<. C 
OtvHctWiO. 0 3 1 2 5fti»t 

MkftseyK JMfeVetfy He** 
[0 0 4 0] H2©|SHH=fclvt\ PUh^i? 



[0037] 5t9lC=S5;&=t7£ttAl,-Cg3U Si 

oicftA-r-si:. Aa*mi:ai»*ffi©B«i*jerF(»st 

1 1 lcfcy#*.&*i£. 
[0 0 3 8] 

[»1 1] 



(**2«*^)xV,.-V.,. 

X* 3 0l*5 9-MH=<fc «J«lfMIH«fl!)*<b*l»Jh-r* 

vX* 3 O o fcif ^ <t fc o tzm-& t <D tttlt&tz Sb 

\^ **l?tl<Dm&<D%fmi3&&W3 (A) , (B) \Z 

[004 1] B3 (A) 0)«fflilHl»a)Pai h9>5*X* 
3 2(@2(Dh7>V^^2 7fCffi§) £ftffiftSi3 3 

<Hl2fl!>*tt2 9lc«S) i:*6«:*«l*l*-f >/^-* 
-CftU. A2)-Cfc3Vin<D®<a (U2 0)Ci&OmiEI^4§ 

*i*<, h^>vX^3 2lcli>f-h<!r KU-f >Brc*± 

0)IBIcM3&t#«Lfc«*lci** A*«T3^&Jl*fc. 
S^— §S£ It Cmi I = (1-A) xcgd (CC-CA 
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[0042] @3 (A) <DXJ]V\r\\zn%TfZ>m2<DC 

Mvomt&it \t m v t-y^ r < flifrfc t> o -e ft y . 

^{C. 1 0 0f&Ja±t7EC*o C05/c*!)IZ. 5 

7-§lf:j:Dr h7>vX^ 2 7 (27-1 -2 7- 
8) (7)>r— h- Ku>f>fyia)S±S*:CD 1 0 0f&JM±O 
ll^§**<A*)fli](7)^*- K«« h7>vX^ 2 6 
(02) ^bM^^CirlC/cC^,, KJtt* h 

ttlftOTOUDIIj: LTI*fW-T!*«i:i\a«a>** 

i =-gm 1 x (Vin-Vdd) = 
= — gm 1 xv in 

i =— gm2 x (vbias-Va ) 
= g m 2 x va 
[0046] ±S^b, gm2 x Va =- gm 1 X Vin 

Maty a** mm. 

Va /Vin = -gm1/gm2 

<t#oT. gm 1 = gm2 k-?Z>t* Vin<DVa \z^~t 

^fiawxi tub* 

[0047] fifot, 5^-S«[iiS*cgd0>2fSiIg[ 
-eiR*y. «lff*«l*h^>i?x5r3 4^/j:^a^lzi± 

[0 0 4 8] *ICg|2<D*JE»l»lHlK2 4IZOIVCRB! 
t"*o *IEISfiIfilK2 4<7)ai^Vclp fi 

h^>vx$ 2 3<&y— McEpmsfu vcip i^ot 

[0 0 4 9] *MMi"ci* % A*«Efl>»HMii*2 vg 
S^LTfeU, tL, (Vclp -CMffli* 

(±s SSt2 2<DRin^5 k M^teta2 9<DRout # 

1 0 k Q-e*ofc»*IZ. SfiU 2 S3Ii*L*«S[tl*4 0 
O/iA^j:^ Af y^2 8 7b<-T-<T5i->Lfcl»^}StfL 

2 2 £ 3E*T,£*3S<D 3 2 fiattSIEtfftffittin; 2 9 
tL*5(!:, mMft*T*£±i*«lE(i, 4 0 0 /i A x 3 2 
x 1 o kQ = 1 2 8 vt^5flt<t3Sry. zti-citthJin 
E. ItnSLWE lc5ft y oint L£ 7 - <t izt^xm^t L 

[0050] ZOtzftlZ^ A*«J£3OTJfaa>Mf*ja( A 

4<fe«fc«>lc % vclp r*fli*iifch7>vx^2 3<t 

6 I bp*/W/<X"T*zi:lcJ:y lout jOTJfSW*iM* 
jft*#^.«J:5ft I sig «SltS»««k3f=Vclp tfttffl 

[0051] -rftte* % m%a>Jttt*f*R£Lfc¥mr= 



[0043] Cw-C. B3 (B) a)««SB0)J:5l=. 

KISUJ (cascodeconnect io 
n) th7>v7^3 4 (8120) h7>vX^ 3 0 ICffl 
S) £#A*r*<!:. Cgd(iVin<t Va i^lHf-ffttU 

vinic*r-r&va ©eay-fxiisis- 1 rcftio & 

[0044] h7>^3 20)ffil3^$>X$ 
gml. h7>^X^3 4(DfiS=lV^^>XSgm 
2£U h7>vX^3 2, 3 4tSlt*l*maE(D^b* 

* i iur/jx«*««f*ff5i:jsiTon«a3&«rtyst 

"3. 
[0 0 4 5] 
-gm 1 x (Vin-0) 

= - gm2 x (0-Va ) 
HW»**i*o o*y % vin=vinO #A*)<Z>»)fEjS<t L 

r. vout =voutotfmji<DW}tt&k-fz>ts an^ 

[0 0 5 2] 
[»1 2] 

V D fs = (kx2^-^)xVino-Vcuto 

[0053] t <t y , Vofs = k x 2 2 x Rout x I bp 

[0 0 5 4] 
[»1 3] 

T VinO VoutQ 
I bp = " " 



R'<« kx2*XR 0 ut 



[0 0 5 5] t**«fc5l=/<-f/<^.*3iJ 1 bp£ftijf6p-r;h. 
[0 0 5 6] KIT, -£-OTftlJfB](D^£l::-3l^T2E'<.5>„ SI 

4 i-*3iHSffli©Bi^fij»i«*si5i»icA* tti&m&tm 
« *ssihi t mmm*!* * a-r ^ > 

#*<A*l £*VT ^-5 Saw Izffi *KD»|f^CDgSS£fj 5 . 
[0 0 5 7] **MI=, «ES|glsl8&2 4li, 

>y«arai=aaroai*i!i^-cfc-5vref mn<t. ma 

*EEVout t<0ttm^m\ tb**lEVout jb<i«05» 
**EVref «fcy t,<SUMi^lci±. h7V^5 2 3«) 

[0 0 5 8] Vclp ri<iS< 



(7) 



1 1 -3407 60 



«I»Ibpl*JM>LT. Isig ItmUmfZo \s\gtfm 

9£*h,£iianout t>mim-fz>o lout jMtarr*;: 
k\z*^x. m*5teEi2 9 (Rout ) <diiekt*«** 

So asic. di^miEvout as^smmEvret ctyt 

iSLMS^lCli. h^>vX*2 3<7)>f-hIE<DVclp 
[0 0 5 9] C<Dtt*IE<&lflS»lftsl4. IEKSBS& 

2 4i£«ift**i*^p^^*cip ic^L-csiifcw on 

f*jBB»ttf1s*l*W**«#HS*W (Bb^l/) <7) 

HLfc»*i::l** Mft*#H«*&r*iTl***<* *ol 
p *><A;fci£*iS<!:. «ffiH»Ett2 4<D«*lc<fcya* 
mffil*l*0)«H>jaiCJR3HLr«>< Ctlzft*. 
[0 0 6 0] IEflWRMt2 4j3J:t;0ay9«mM 

3 1 <7)l¥Sffl$-E}5lC^-r o SLMwJttt**L4-O0)«* 
Vref <hVout <hli=i>/*U--£ 4 0lcA:fr£*iSo p 

4 Olc|*$ P>|c^ p y9MffHB3 1 <0*cl 
P S§£BS&5 036>b^P^^«#«clp *<A;£]£*lSo 
[006 1] 3 >/^U— £ 40ltB6 iCqc**- J: 5 ftflliS 

<tftoT^So <?nyO(t>c\v tfu— (fiu^u) <db* 

|5]B#[CPSi h7>vX^ 6 1 . 6 2 4<ra*i:ti*l/i:ft 
y XNjftiXPjiKDWEttVDDttty. *«»6 3. 6 
40W^^ □>/^-^4O0B^CMPN ( !: 
cmp__pi*p — u^;u<tftSo 

[0062] 9UyQ 0clp L^K7)B#(* 
v^^6 0W>m Plh7>vX^6K 6 2 
h7>v^6 0^t>d:W 
h7>vX^6 5, 6 6ttVi:4^7i:L, ©aft 

*<sK*t»«>. xNja£xp*(D«E(*T*<y»tf>* 0 c 
zt?§ss^miEvref ^m^mEvout ^yts^o 

5x*6 6©t>*tit*ytis<fl:y, xpMttt* 

XNjS<Z>Itt<fcy tTtf4o xp, XNfilt h^Vv 

X*67, 6 8 0)^— hlcafi|**LrU-Sfc«)lC % XP 
£cDltttfTtfS<t h7>v^$ 6 7<0^->«fii3&<«fcy 

T*<y. xNja<oitt*±if«;»Ai::«#* xn^i 

tttf±j!><S<t K7>5X* 6 8CD^->»ta*<±^y. X 
P jS (0 m (4 * T I f 4 -ft A lc « < o 
[0063] c*i & (Dlfif^fijEa) ? -r — K/< *y £ »fET- 
fey. xNjfta)«tti*ftai=±^o-c. xp^ifiii 

gLillCTtfSo XN, X PI***l**lJtW»6 3. 6 4 
l=BB*#iTJsy. «*MI=^Pv^*clp *<p-*>£ 
/Wfcft-afcfcjSiDVrof lErtWout lEAytXlt 
*ll*CM P P f*/W IC. CMP_N li P — (CjSjIIZflJ 

SSS^Birt-rSo 



[0064] B7ICIEHSBB2 4058]^*^ 5 

BBB-e. tfclp fix-r u*f 4 1 lc#*S£*i 

So =f4 \s4 4 * 4 1 f±* -f 5 V^HSfflCDilS 

ftm<n&&to*£te<< <> ^-r u-r-f>/< 

— * 4 1 OfctiJUiT-f U-f-f >/<— * 4 2C:«J£**U 
So f-f U^^>A-*41 S 4 2 0>a*^N AN DB 
l»4 3lZA*S*lSo N AN DBK4 3 l*#pr-p/<JUX 
*o *fc* N ANDBK4 3(Daj*)l*li'fS§S4 

4 icgjfc * *U Jf Hll 4 4 li <t> pr-p/ <;ux©SIE £ ft S 
tfpr-n/^UX So 0pr-p/<JUX£ 0pr-n/^/UX 

1***1**1 N a h7>vX^ 45i:Plh7>vX^ 4 
6CD^r— h(C^a$*LSo h7>vX^ 4 5 CD V — XlZ 
l*&£fc<D M O D E \Z J: o ti« StlfctEV I I *<EP 

anS*i«o S7>yx*4 6fl)v- xic[*^i*y 
MODE«*lCcfeorB«i**Lfc«EVhhA<H3tt**t 

So IEVIII*. MODElW/NvfOttlCGND 

(ttttltt) t?P-Oi *I=G N DIE* U 4 
lElcftS^dle. *fcIEVhhl*. MODEilW/N 
^a)^^icvDD-c?p-co<t £izvdd* y *i**HEl*IE 

rcft«£?U:. X^^f47, A3t. £6x49. 5 
0. 5 1 £-ettjft»ti«BB*&ttlft£*i«. 
[0065] 0clp *<P — aHMle. <£pr-n/^UX£ 0 
pr-p/^UX)b<**l**t h^>i>X* 45d: 4 6 0>f- h 
ief=p*JD£*iS<t. Hfh(0h7>^^(i*>i:ft 
y, h^>i^X$ 4 50) KU-f>tft«**lfeSl5 2 
I4V I little h7>^>4 6(0Kl/^>tK«**L 

fcSSs 3l*vhhIttlc3tm**vSo ::t\ S*5 

2. 5 3l***L**LS^§S-Cfcorr</jN*ftfi|T?& 
So ftfc\ ^<Dt£, (0clp *<P-^ra) =3>/<U- 
^ 4 OCDt±i^lCMP_P. CMP__NI*L^*l4iP — U 
^UStti*Lrtey. CMP_PA<A***lfcSlEi«« 
S5 4<DtH^0 incl*/\-f |C % CMP^N^Jttf: 
igtSS5 5 dec l*P — ^ftot. Nlh7>v 
X^i 56MPi h^VvX* 5 7l* < ttlC>*-^ < tfto 
Tl^So 0clp A</\-f lz&<fc-rs<t, fia<7)*5ie=i> 
/<L/— ^ 4 OrtWref IE<tVout IEa)*/hH«**J 
SU Vref «^Slt*ll*CMP_P*/\-<ai*L. i& 
l+*il<CMP_N*/\-f ai^3«!:^"So CMP_Ptf/W 
fCftS<t. *inc (*. P— *m^J U h7>v^ 5 71* 
^->L, CMP_NI*P— CD**t?&Sfc^lC0dec I* 
P-T*. h^>i?X^ 5 6l*^-37ttSg$*t^-rSo 
[0066] h^VvX* 5 7 7b<^->-rSCitT?. 
§fi 5 3 le?El**LfcI^(*, §S 5 3^5 2 IZjt^r 

*»**4Mtl»oM5 8lc»AL, Vclp IE* 

ffl*>ie±#^-t±So asie. cMP_N>!)</\-r-e&ofcii 

^|z|*, 0inc l*/\-f CD^^t?. *dec 7bV\-r k ftSfc 
Ah h7>vX^5 7li*7, h7>vX^5 6li*> 
t4^t§t5 SlcJtl^^-ctNfcl^cT)^*). ~SP)b< 
*±M5 3|z*aiU #*5 8 0)Itt3^B3WcTA< 
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[oo6 7] ju±a>Mfficj;o-c. vref arptam&tf 

Vout 4SS^O«<5cfcy tiS^ofcit^lC[* % Vclp miE 
*<<IriM::±;6<y. vout aSS^(7)*fi^Vref S«^CO*fi: 
cty tS^ofcii^lcli. Vclp *E^«/)NfcT^^»j 
fE£fr"5o MODEfl^lC^oTVhh*JI^VDD 
WIE<£y VlimE*<GND£yt,S<fc:o-Cl^ 
fcli^lCli. -t+L-rtLVDD. GNDtD^tldt^TVcl 

P *E<D^fc*rt</h2<£:£o -T^rt)*,. MODEflMI 

[0068] *c:. ni£m&\B\&2 4\z&z>W)ft&mm 

Ba>R5£fi]» * L*=*^a>iS&lcfimEisg0B 2 
4<D£U^lVclp fciEli. ffI(7)«lEfii^^<D*^iP6^LT 

bplzlifcoTlNfc^o tU^KDSSf^iSfigS 

[0 0 6 9] -A\z % *3IJ6fi>la)cfe5lcJKtfeW (IB!* 
M) tzz?4— K/^^^l^fcoTJlxm^ll^lElK-Cli. A 

[0 0 7 0] L*>U J&3fc<D«£J:y S»lci|X3f>£ 

I*. 0clp <7)JS»!£is<U nSd:< (SSWf^) 

[0 07 1 ] C<DStf?tt&fi. MODE«§!:J:otff 
IV MODE«f^/W0)(tt[t , KiSJRjfc^- h\ 

ft\z* SttSilXS^-K-CliVclp CDiSS*ES1iS^/jN 

tztbCDM O D EflMlligl 5 <DilX3fc¥Jj£[p]E& 3 5 "e«± L 
XKEm&lBl&Z 4|C«*&^tl^o SbfCMODEjl^ 
(±0clp ^IslffiSOlCt. 0«&2*lTVclp /^X<7> 

[0 0 7 2] <?Uv<?mmm^3 1 <DfcSP(DJ|Xjfc¥lJ^[q] 
83 5<t<0clp fg±HK5 Ol-Ol^T. ID 8 (A). 

(b) (D^&mt. ®9<Dmft*<< 5>^uiccfc^rsi 

[0 0 7 3] 18 (A) [*. 1|XS*IJSIS]K3 5(D[s)Sg|H 



T-fc& 0 i|X3f[*lJ5t[H]B3 51*. RSS37'J^^^P^^ 
5 1. 5 2, DI7U '>^P7?53, (N 
OT) 0S&5 4£W-T£ 0 

[0 0 7 4] RS^m$-^SLfcii^[C|i. 0 8 (A) 
(Di|XJfcW£[5]S&3 5lCRES«^tfEPJ«£;»V C<7)B*^ 
"CiSiSilRS:^- K^fr-T^ < M O D EfB^a<£*>±# 
£> 0 d^x^tr. 0inc t<t>dec (7)/^UX^ b ^CDBT^fiJ 
»*«EEB<Bdi;fc<Di!]tf^^ 

[0075] -r^*>. namics-r^-ei*. ^inc & 

2 4^t>ttl^*n^o Z;h7MX3fc^£<t. tfunc £#de 
c ktf&mz&J3£1x%J:o\zt < s:Z >0 ftoT. 

«dec ^tis^i**ty--B#iSr*itemtW»TLr. Hsoti:*, 

T*< y T-M O D E £ P - <t: -T « HBfltJfi * i -3 T I* 
-So c4ilzJ:y*iaa)HS/WJBH^6*|||aJtt3|[*-- 

[0 0 7 6] 0 8 (B) f*. tfclp 3fc±03&5 0tf)[5]B 
ItW, *clp *±IslK5 01*. DI7'J^^P^ 
?@B6 1.62, BfcSBt (AND) BR 6 3, 6 5. 

atfma (or) EB6 4*:*rr*o 

[0077] HI 8 (B) (&<£clp fg£[5]B5 OUIt H 
9f:^rj;3f^ MODE|f^/\-<<D<!r&[i. HSi 
C LKiOAN D^irofcy^UX^^clp cbL. MOD 
E «#^)< P -<T> t * IC £ 1 / 4 ICfW 5 1 < <fc 5 f^^ 

HElBa>tt*-CVX^ Lfc/^UX**clp iLW4, 

[007 8] m±lCj:oT, »«W»*iej|LfcCi-e 

r4ifcdi*Bftjft*i»«a)Mf»jftictt*^4*-ei«a 
ilxmK^^^Tt^. -SJtoKLfc*irtt«iffjft*«i^*/h 

[ O 0 7 9 ] IH 1 0 IC«ftmO)ff 2 (7)^56W<D Pl^jpj» 
ftfe. Si Olcfc^T. H2<0|HBBI£:ni:#ffi«#-e 

^■rta>ii**wi^fHi-0^3ii$-^-r(Dr% **iba)s» 
[0080] a* i NicsnJM«s«flL\rizNah7 

[008 1] 
[»1 4] 

VinXAo-Vof 
[oo8 2]-c^btil>o ao i*y— 

PT(Df«J»T% fcfcct^O. 8««-e*y % 3M<D£S£ 



(9) 



^3B¥1 1 - 3 4 07 6 0 



(2 1. 22) vmtfLZtizyj-F'tvttBimo&m 
m20iiJscii-c?iiv-x^^pricitt^A^mii^En*p 
£ ct y Sffi l female i* z a«ikflia«*<a l t 

[0 0 8 3] «3t/W/<XBl»lc'oi\TI*. miG>38ffi 
[0 0 8 4] 

m 5] 

AoX Vii-Vof 

I i n — ~ 
K i n 

[008 5] fcfty. xfc7*< 
[0 0 8 6] 



[»1 6] 

I t i g = I » n 

[008 7] tfcy. xC9*< 

[0 0 8 8] 

[»17] 

Iout= k x 2* X Ulg-IbP 
[0089] i: & y , 5t 1 1A< 

[0 0 9 0] 
[»1 8] 

V..t-kx2 4 x-^;-xA.xV..-V.i. 

[0091] ttez> 0 ::-e 

[0 0 9 2] 
[&1 9] 

-X Vof + Rout X Ibp 



[009 3] tlTMo £Uifr£>. Vin=VinO . V 
out =VoutO(DAU*Blf*jat»«fctolcl*, Ibptttt 

I bp = kx2 , x 1 !-x( 

[0 0 9 5] £i8Sfc-f .fcdl-Vclp <J>-y4— K/<y>S 
»it*itf*1 routed i^lclfiff^^JtS-r^c tic 
ft*. 

[0 0 9 6] fcfc. **WI*jy.±KBJLfcllJfi«ll<0t<7) 
5o 

[0 0 9 7] 

[ftWcDSdm] *#BBJ|cJ;*U;f. H4MH»Aaffll=*Fa 
ftpT^iPJtfliiieiHlffi.!: LT. CMOSSS&l-^lc&i*. 

[0saffiw&Kiyn 

m 1 ] **B^opi^fij^iiiigiHiK<7)B)^]ia$siw-r 
[02] K»mMmiz&z*i$z$mmm\Bis& 

[0 5] *f&®<7)mfom\~t$if%'mi£wm®mt<7uy 



[0 0 9 4] 
[!&2 0] 

[06] *feiB<OHJfiC!ll-*;i+«,3>y«U— Si0K©0 

s§0-cfc-&. 

[07] ®JESSg0S&OTSIlf**-f 5>*0T?fc-5„ 
[08] til£¥ij£0Sg<!:4>clp Se£@Ka>ls]S&0-efe 

-So 

[09] £n^§W0SSOTl&ft;*-<s>-?0-ea&-So 

[01 O] *f§Bjrom2<D^J6WI-J:*PlSfi|»Ji*i0 
KW0S0-Cfc-5. 

[011] 9t*<DtiLmi~&z>*i$zmftm<i&iBi&<D\Bi&m 
[»#a)t9*ftIJiBj] 

10 h^Vi?** 

11 naa« 

12 X-f 

1 3 ftSrStt 

2 o sniitgs 

2 1. 23. 27. 30 

2 6 ^V*- KfSSEh^VvX* 

2 2. 25 ffita 

2 4 tsnsiaift 

2 9 m£r%&t 

2 8 Xl'y'f 
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